The Pb( γ , γ ) photon scattering reaction has been studied with the nearly monochromatic, linearly polarized photon beams at the High Intensity γ -ray Source (HIγ S) at the DFELL. Azimuthal scattering intensity asymmetries measured with respect to the polarization plane of the beam have been used for the first time to assign both the spin and parity quantum numbers of dipole excited states of 206,207,208 Pb at excitation energies in the vicinity of 5.5 MeV. Evidence for dominant particle-core coupling is deduced from these results along with information on excitation energies and electromagnetic transition matrix elements. Implications of the existence of weakly coupled states built on highly excited core states in competition with 1hω single particle (hole) excitations at comparable energies are discussed.
excitations and single-particle excitations. Particle-core coupled basis states are often considered to represent particularly good approximations to the actual eigenstates of the full fermionic system if either the core is very robust against small perturbations, such as a doubly-magic nucleus, or if the coupled single particle has quantum numbers different from those of the nucleons in the core. One class of such systems are odd-mass hypernuclei [1] [2] [3] . Core excitations and single particle excitations will compete, however, when, for identical quantum numbers, the energies of the two modes of excitation are almost equal and, hence, mixing may occur.
As an example, the left half of Fig. 1 shows the lowest states of 12 C with spin and parity quantum numbers 0 + , 2 + , and 1 − together with the known levels of the hypernucleus orbital weakly coupled to the 2 + 1 state of 12 C [5, 6] . The 1/2 − , 3/2 − doublet near 10.8 MeV is due [6] to the Λ hyperon in the Λ(1p 1/2,3/2 ) orbitals and it provides a direct measurement of the small spin-orbit splitting [7] of 0.15 MeV between the Λ(1p 1/2 ) and Λ(1p 3/2 ) orbitals [8] . This value is appreciably smaller than the known values for nucleons and it was measured recently from (K − , π − ) strangeness transfer reactions to the hypernucleus 13 Λ C at Brookhaven [8] . Excited 3/2 − and 1/2 − states of 13 Λ C were observed at 10.70 and 10.90 MeV. Negative parity and total angular momenta J = 1/2, 3/2 are clearly assigned from p-wave strangeness transfer data.
Since the Λ(1s 1/2 → 1p j ) 1hω single-particle excitations occur at about the same energy as the dominant 1 − electric dipole excitation of the 12 C core nucleus at 10.84 MeV excitation energy, one could expect that these two structures could easily mix. These structures have been considered [5] previously but, evidently the mixing of the core excitation into the observed doublet is small [9] . It is an intriguing question whether such a small mixing between close-lying core excitations and single-particle excitations differs for hypernuclei and purely nucleonic systems. In order to draw conclusions on this question it is necessary to find and study a similar situation for a purely nucleonic environment. The ideal test could come from high-resolution spectroscopy of 13 C itself with the seventh neutron occupying the ν(1p 1/2 ) neutron orbital. However, 13 C is neutron unbound at 10. An unambiguous identification of this doublet requires a method that is (a) selective for strong electromagnetic dipole excitations and (b) sensitive to spin and parity quantum numbers of the excited states in an odd-mass system. This possibility is given by linearly polarized intense γ -ray beams such as those that recently became available at the HIγ S facility at the Duke FELL.
It is the purpose of this Letter to report on the identification of a doublet of excited states of the odd-mass proton-closed-shell nucleus 207 Pb at 5. ing dipole transition rates were measured in nuclear resonance fluorescence experiments at the Darmstadt S-DALINAC facility using unpolarized bremsstrahlung [11] . Spin and parity quantum numbers could not be assigned from that experiment, making it impossible to either firmly prove the quantum numbers required for the presence of weak coupling or to determine even the sign of the result from the decay of resonantly photo-excited nuclear levels and can be observed with high energy resolution using large volume HPGe semiconductor detectors. Details of the set-up and the method have been published previously in Refs. [13] [14] [15] .
The OK-4 FEL was tuned to lase at wavelengths around 450 nm. The collimator system was chosen to have a diameter of 2.54 cm, resulting in an energy resolution of about 3% for the γ -ray beams, i.e., of about 0.2 MeV FWHM for γ -ray beams of 5.6 MeV [14] . Mean energies of the γ -ray beams used for our experiments were E γ = 5.5 and 5. 
± , 3/2 ± only. The intensity distribution functions of the corresponding photon scattering cascades using a polarized incident beam can be derived within the angular correlation formalism [18] . An excited spin-1/2 state of an odd-mass nucleus radiates isotropically and hence its angular distribution ratio at any two angles is 1. The intensity distribution function of a 1/2 − → 3/2 π → 1/2 − photon scattering cascade using a polarized incident beam is given by
with P
2 being the unnormalized associated Legendre polynomial of second order and π being the parity quantum number of the excited J = 3/2 state.
For assigning the spin and parity quantum numbers, we form the double ratio (DR) of NRF intensities observed within the polarization plane (φ ) and perpendicular to it (φ ⊥ ). Neglecting small differences in the energy dependence of the detector efficiencies at these two nearby energies, the experimental DR is propor- tional to the DR of the angular distribution functions for one of the four possible photon scattering cascades − . The theoretical DR is defined as
where W J (φ) for any In order to verify our conjecture of E1 radiation character, we finally deduce the angular distribution perpendicular and parallel to the polarization plane for both transitions individually. With (1) one obtains (+) ) assignment to better than two standard deviations. The isotropy of the angular distribution for spin-1/2 states prevents us from making parity assignments to these cases. For clarity we, therefore, stress that one out of these four quantum number assignments, namely the π = (+) assignment for the J = 1/2 state at 5.597 MeV, is not based on angular distribution of photon scattering intensity but on the large decay rate of the level which leaves E1 multipolarity as the only likely possibility. These are the assignments that we adopt in Table 1 . The level energies agree within 22 and 85 keV, respectively, with the excitation energy of the predominant bound E1 excitation of the neighboring doubly-closed shell nucleus 208 Pb at 5.512 MeV.
I.e., the energy splitting of the doublet E ν(p In summary, we have demonstrated a new method for spin and parity quantum number assignments to highly excited particlebound dipole excitations of odd-mass nuclei based on the measurement of azimuthal nuclear resonance fluorescence-intensity asymmetries about an incident linearly polarized γ -ray beam. This method has been used to identify the doublet of energy levels of 207 Pb that predominantly originates in the weak coupling of the ν(3p Deviations from the pure weak-coupling scenario show up in the absolute transition rates due to the particle-core interaction. Consequently, some E1 strength is shifted to other lower-lying levels of 207 Pb by the particle-core interaction.
The particle-excited J π = 1/2 − , 3/2 − doublet in the hypernu- the hyperon and a corresponding increase in energy of the core excitation [9] would indeed lift the degeneracy of single-particle and core excitations that is suggested by Fig. 1 and that often suffices as a condition for strong mixing. More data, such as magnetic moments of the 13 Λ C states, are highly desirable to quantify the amount of weakly coupled admixtures to the doublet of states at 10.9 MeV.
